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made without departing tan tins invention in its broader 
aspects and, therefore, the appended claims are toencom- 
passwithin their scope all such changes andrnodifications as 
fall within the true spirit and scope of this invention. 

t An aj^aratus for generating at least two control signals, 
paratus comprising: 

L member disposed within said support, said arm 
10 member being moveable in an arcxiato path within said 

-it; _ 
a contact member slidably mounted on said arm member, 
ontact member being slidable along said arm 



20 



25 



30 



35 



45 



50 



ox coupled to said ami member for sensing 
of -said arm member along said arcuate path; 

and 
a second 
sensing 
said 

2. The 
first guide 
second guide 

said second 
first guide 
said contact 

3. The apparatus 
comprise-first and s& 
first and second 
member, said set 
second flanges 
said contact 

4. The arr_ 
pivotatty coupled 
member moving 
pivots about said 

5. The apparatus 
a track means disposed 

means defining said arco 
one or more guide elements 
.of said arm member, said 
being matingLy coupled t< 
taring the movement of 

arcuate pam. x 

6 The apparatus of claim 1 whtrein said first sensor 
detects me magnitude and direction oi arcuate movement of 
said arm member along said arcuate ^ath and generates a 
first control signal in response meretrj 

7. The apparatus of claim 1 wherein 
detects me magnitude and direction of 
said contact member and generates a s 
in response thereto. 

g. The apparatus of claim 1 further 
sensor coupled to said arm member, said 
ing a downward pressure on said contact 
.response mereto generating a signal for imp] 
. predetermined function. 
V^An apparatus for generating at least two 
said apparatus comprising: 
a support; 
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60 



sor coupled to said contact member far 
r movement of said contactmember along 

us of rim-m 1 further comprising: 

iposed along said arm member; and 
i disposed, on said contact member, 
j means matingLy coupled wim said 
; so as to facilitate the movement of 
■ along said arm member* 
m 2 wherein saidfirst guide means 
L grooves horizontally disposed in 
vails, respectively, of said arm* 
fide means comprising first and 
\ first and second side walls of 
fcnvely. / 
1 1 wherein said arm member is 
A'at a pivot point, said arm 
pam as said arm member 

i further comprising: 

said support, said track 
; and 

d on an outer surface 

j, or more guide elements 
I track means fax facfli- 
arm member in said 



L second sensor 
r movement of 
I control signal 

_ a third 
sensor detect- 
anil in 
g a first 

l signals. 



an member having a first end portion 
coupled to said bousing at a point, said an 
being rotatable about said point; 
a contact member slidably mounted on said arm 
said contact member being slidable along sal 
member; 



totally 
lember 



nber, 
arm 
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•first sensor caopled to said arm member far sensing 
a ate movement of said ami member; and 
ad sensor coupled to said contact member for 
r linear movement of - said contact member along 
b aid. ana member. 
10. Thkapparatns of claim S> wherein said support is of a 
size such mat said apparatus is capable of being operated 
with one hand of a person. 

UL The apparatus of- claim 9 -wherein- said first sensor 
generates a first control signal representing the angle and 
direction of rotation of said arm member, said first control 
signal being capable of being used to alter the position of a 



10 



: direction on a display screen. 

l 9 wherein said second sensor 
1 signal representing the magnitude 
ovement of said contact member, 
being capable of being used to 
: in a second direction 



cursor or pointer ] 

12. The apparatus 4 
' generates a second c 
and direction of 3 
said second conn 
gifer Hie position < 
on a display sc 

13. The apparattn? of cfraim 9 fnrfher comprising a third 20 
sensor disposed on^am arm member, said third sensor 
detecting a downward pressure; on said contact member. 

14. The apparatus of 33 wherein said third sensor 
generates a third control signal indicative of said downward 
pressure on said contact membex^said third control signal 
implementing a first p^edeteIImned^£nnetion. 

15. The apparatus of claim S> further comprising a first 
actuator, wherein in response to a firsMeedback signal said 
first actuator restrains said rotation of said ami member. 

16. The apparatus of claim IS whereh\said first aero at or 
is contained within said first sensor. 

17. The apparatus, of claim 15 rurthct comprising a 
second actuator, wherein in response to a second feedback 
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- signal said second actuator restrains the K^gflr movement of 

The apparatus of claim 17 wherein said second 
is contained within said second sensor, 

19. The apparatus of gfatm 9 wherein said contact member 
has a concave upper surface so that a human thumb may 
matingly situ ate on said contact member. * 

20. The apparatus of rf*fm 9 wherein said arm member 
has disposed therein one or more first guide means, said 

10 contact ineinbershaving disposed thereon one or more sec- 
ond guide means, each of said first guide means being 
matingly coupled with an associated one of said second 
guide means for famffiryig sliding of said contact mernber 
along said arm 3 
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ZL The apparatus/ 
means- comprise fust! and^ 
posed in first and second sid 
member, said second guid 
second flanges dispose*! op 
said contact member, j 
t 22 The apparatus of claim 9 wn 
bottom surface, said apparatus j 
one-ox more cavities f armed in said \ 
housing; 

pne or more switches, each of said t 
dated with and coupled to an ass< 
cavities. 

23. The apparatus of claim 22 wherein said switches 
comprise pressure sensitive devices, the actoauon of which 
generates one or more fourth control signals for irnplement- 
ing one or more second predetermined functions. 



l 20 wherein said first guide 
^nd grooves horizontally dis- 
^respecffvely, of said arm 
comprising first and 
: and second side walls of 



l said housing has a 
" comprising? 
oms 



lies being asso- 
. one of said 



^ A > /2A. Ahandheld force feedback device coupled to a computer for providing 

^ ' positioning signals to said computer for positioning a cursor displayed on a display 

device, said device, comprising: 

a support housing able to be held by a hand of a user; 

a user manipulatable member engageable and moveable by a thumb of said 
user in two dimensions relative to said support housing while said support housing is 
held by said hand of said user, wherein said movement in said two dimensions 
positions said cursor in two screen dimensions on said display device; 

at least one sensor couplecKto said user manipulatable member and sensing 
movement of said user manipulatable member in said two dimensions, said sensor 
:jj v * providing positioning signals which control said positioning of said cursor on said 

!5J * display device; 



% at least one actuator coupled to said user manipulatable member, wherein said 

ijQ actuator provides a force in at least one of saidMimensions of said user manipulatable 

!? H \ 

{ H member, wherein said force facilitates the selection of options or icons displayed on 

lj| said display device based on feedback signals generated by an application running on 

said computer; and 



m 



a trigger sensor for detecting a trigger commandvfrom said user, said trigger 
13 command including moving said user manipulatable^ member approximately 

orthogonally to said two dimensions. 



25. A force feedback device as recited in claim 24 wherein said two 
dimensions are provided substantially in a single plane. 

$>U,£> ^^^-p 26. A force feedback device^as recited in claim 25 wherein said motion of 
said user manipulatable member is orthogonal to a plane defined by said planar 
dimensions^ \^ 

27. A force feedback device as recited in claim 24 wherein said at least one 
actuator is a first actuator, and further comprising a second actuator coupled to said 
user manipulatable member, wherein said second actuator provides a force in the 
other of said dimensions of said user manipulatable member. 
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28. A force feedback device as recited in claim 24 wherein said user 
manipulatable member is coupled to an arm member having rotary motion about a 
pivot point to provide motion in one of said two dimensions, wherein said actuator is 
coupled to said arm member to output forces about said pivot point. 

29. A force feedback device as recited in claim 28 wherein said rotary motion 
of said arm member is limited to an arcuate path of less than ninety degrees. 

30. A force feedback control device as recited in claim 28 further comprising 
a second actuator, and wherein said first actuator is grounded to said housing and 
wherein said second actuator is carried by said arm member. 

31. A force feedback device as recited in claim 28 wherein said user 
manipulatable member is a sliding contact member which can be moved in a linear 
dimension approximately perpendicular to an axis of rotation of said arm member and 
in substantially the same plane as said rotary motion, thereby providing said motion in 
one of said two dimensions. 



\Q C( I v7 ACk~~7 32. A force feedbackMevice as recited in claim 24 wherein said cursor can be 
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positioned and displayed iconsvor options can be selected by a single hand of said 
user. 

33. A force feedback deviceVs recited in claim 24 wherein said at least one 
actuator is one of a motor, a brake, and a solenoid. 



ft 

i\ 34. A force feedback device as recited in claim 24 wherein said user 



manipulatable member is coupled to a centering spring return that causes a bias on 
said user manipulatable member to return to a center position after it has been moved 
from said center position. 

35. A force feedback device as recited in claim 24 wherein a centering spring 
bias on said user manipulatable member may be electrically actuated by a signal 
received from said computer, allowing said force feedback device to have a centering 
mode and a non-centering mode, selected by said computer. 

36. A force feedback device as recited in claim 24 wherein said cursor can be 
used to select an icon, wherein said trigger command selects said icon when said 
cursor is positioned over said icon. 

37. A force feedback device as recited in claim 36 wherein said at least one 
actuator outputs a force to augment or restrain motion of said cursor on said screen. 



38. A force feedback device as recited in claim 24 wherein said image is a 
video game character. 

39. A force feedback device as recited in claim 24 further comprising a 
trigger actuator for causing resistance to said motion of said trigger command by said 
user based on a feedback signal from said computer. 

40. A force feedback device as recited in claim 24 further comprising at least 
one additional control provided on said housing and operable by said user, wherein 
said additional control is operated by a different hand of said user than said hand 
operating said user manipulatable member. 

§lA^& ft^/' 7 41. A metho<Kas recited in claim 24 wherein said at least one actuator outputs 

detents when said cursor overlaps or is positioned near an icon displayed on said 

^ screen. 

. m 

42. A method as recfted in claim 41 wherein detents provide tactile click stops 
^ correlated with targets or options displayed on said screen. 



43. A method as recited irk claim 42 wherein a detent correlated with a target 
S3 or option is deactivated once said target or option is selected by said user using said 

!U force feedback device. 

M 

153 44. A method as recited in clairrK41 wherein said user selects said target or 

option by causing a trigger signal to be Vent to said computer, said trigger signal 
caused by a pressing motion of said user manipulatable member. 



45. A method as recited in claim 41 wherein said detents are output for use in 
a word processor or spreadsheet program provideoVpn said computer. 

J46. A force feedback device coupled to a computer for providing positioning 
signals to said computer for manipulating an image displayed on a screen by said 
computer, said device comprising: 

a support housing; 

a user manipulatable member coupled to said housings and engageable and 
moveable by one or more digits of said user in two degrees of freedom relative to said 
housing, wherein at least one of said degrees of freedom is a rotary qegree of freedom 
about an axis of rotation; 



at least one \ensor coupled to said user manipulatable member and sensing 
£~7 movement of said user manipulatable member in said two degrees of freedom, said 
rn\£? sensor providing positioning signals which control positioning of said image on said 

& screen by said computer; 

at least one computer controlled brake coupled to said user manipulatable 
member, wherein said brake provides a drag in at least one of said degrees of freedom 
of said user manipulatable member; and 

a trigger sensor for detecting a trigger command from said user, said trigger 
command including a pressing motion by said digit causing said user manipulatable 
member to move in a trigger degree of freedom different from said two degrees of 
freedom. 
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47. A force feedback device as recited in claim 46 wherein said housing is 
able to be held and operated by a single hand of a user. 



\h 48. A force feedback device as recited in claim 46 wherein the other of said 

k3 two degrees of freedom is a linear degree of freedom and wherein said rotary degree 

Ji** of freedom allows a pivoting motion of said digit of said user. 



49. A force feedback device as recited in claim 47 wherein said two degrees 
of freedom are approximately in the same plane. 



^M.^? AQT^? 50. A force feedback ofeyice as recited in claim 46 wherein said at least one 

in 

manipulatable member, wherein said secon&brake provides a drag in a second one of 
said degrees of freedom of said user manipulatable^member. 



brake is a first brake providing a ohg in a first of said two degrees of freedom, and 
further comprising a second computer controlled brake coupled to said user 



51. A force feedback device as recited in claim 50 wherein said user 
manipulatable member is coupled to an arm member having rotary motion about a 
pivot point, wherein said first brake is coupled to said arm member to output forces 
about said pivot point. 

52. A force feedback device as recited in claim 51 wherein said user 
manipulatable member is a sliding member which can be moved along at least a 
portion of said arm member in a linear degree of freedom, and wherein said second 
brake outputs forces in said linear degree of freedom. 
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53. A force feedback device as recited in claim 46 wherein said cursor can be 
used to select an icon displayed on said screen, wherein said trigger command selects 
said icon when said cursor rs positioned over said icon. 



54. A force feedback deyice as recited in claim 46 wherein said brake outputs 
a force controlled by said computer to provide tactile clicks correlated with targets or 
options displayed on said screen. 

55. A force feedback device as recited in claim 46 wherein said device is 
provided in an automobile dashboard or automobile steering wheel. 

56. A force feedback device as recited in claim 46 wherein said at least one 
brake includes an electromagnetic coil. 
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57. A force feedback device as recited in claim 46 wherein said at least one 
brake employs an electro-rheological compound. 



^ 58. A method for providing petitioning signals to a computer from a user for 
manipulating a displayed cursor on a screen and for providing force feedback to said 
user, said method comprising: 

providing a handheld force feedback device coupled to said computer, said 
handheld force feedback device including a tlWmb member engageable and moveable 
by a thumb of said user in two degrees of freedom while said device is held by said 
hand of said user; 

sensing movement of said thumb membeAin said two degrees of freedom 
using at least one motion sensor and providing positioning signals to said computer in 
accordance with said sensed movement, wherein said positioning signals are used by 
said host computer to move a cursor displayed on a screen in two dimensions of said 
screen; and 

providing a drag in said two degrees of freedom of &iid thumb member using 
at least one braking actuator coupled to said thumb member, wherein said drag 
facilitates selection of an icon or option displayed on said screemby said cursor. 



59. A method as recited in claim 58 further comprising detecting a trigger 
command from said user, said trigger command including a pressingVnotion of said 



thumb member, wherein said tireger command is sent to said computer to be used to 
select an option or icon displayedVi said screen with said cursor. 

60. A method as recited in claim 58 wherein said two degrees of freedom are 
substantially in a single plane. 

61. A method as recited in claim 58 wherein one of said degrees of freedom is 
a rotary degree of freedom and another of said degrees of freedom is a linear degree 
of freedom. 

62. A method as recited lKclaim 58 wherein said brakes output drag to hinder 
motion of a rotating member coupled to said thumb member and hinder a sliding 
motion of said thumb member. 
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/63. A handheld force feedback\dgvice coupled to a computer for providing 
positioning signals to said computer for positioning a cursor displayed on a screen, 
said device comprising: 

a support housing; 

a user manipulatable member coupled toys^HYiousing and engageable and 
moveable by a digit of said user in two degrees oKfrebuom relative to said housing 



while said housing is held by said hand of said 



degrees of freedom is a rotary degree of freedom about 



iwherein at least one of said 



of rotation; 



a spring return mechanism coupled to saM_user\manipulatable member to 
provide a centering bias on said user manipulatable membeKtoward a center position 
of said rotary degree of freedom when said user manipulatable member has been 
moved from said center position; 

at least one sensor coupled to said user manipulatable member and sensing 
movement of said user manipulatable member in said two degrees of freedom, said 
sensor providing positioning signals which control said positioning ofNsaid cursor on 
said screen; 

at least one actuator coupled to said user manipulatable member, wherein said 
actuator provides a force in one of said degrees of freedom of said user manipulatable 
member; and 



^ 

move in a trigger degree of freedom different from said two degrees of freedom. 



a trigger sensor for detecting a trigger command from said user, said trigger 
command including a pressing moti^nfccausing said user manipulatable member to 



S^^? (\ti5~~~/^ 64. A force feedback device as recited in claim 63 wherein said spring return 
mechanism is electrically actuatecN?v an external signal received from said computer! 
allowing said spring return mechanist to be selectively applied in a centering mode 
and allowing said spring return mechanisha to have no effect in a non-centering mode. 
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65. A force feedback device as recited in claim 64 wherein said external 
signal is controlled by a video game running on said computer. 

66. A force feedback device as recited in claim 64 wherein said spring return 
mechanism is coupled to a pivotable arm member providing said rotary degree of 
freedom, and further comprising a centering spring coupled to said user manipulatable 
member to provide a centering bias in another of said two degrees of freedom. 



A force feeolback control provided in an automobile and coupled to an on- 
1( q board vehicle computer system for providing input to said computer system, said 

P control comprising: 



a user manipulatable member provided in an automobile dashboard, said 
member engageable and moveable by a digit of said user in two degrees of freedom 
relative to said dashboard, whereinVt least one of said degrees of freedom is a rotary 
degree of freedom about an axis of rotation; 

at least one sensor coupled to satft user manipulatable member and sensing 
movement of said user manipulatablel menroeiMn said two degrees of freedom, said 
input to said computer system based on\pjg>sitibning signals provided by said sensor; 

at least one actuator coupled to said user\nanipulatable member, wherein said 
actuator provides a force in one of said degrees of freedom of said user manipulatable 
member; and 

a trigger sensor for detecting a trigger commanckfrom said user, said trigger 
command including a pressing motion causing said userVnanipulatable member to 
move in a trigger degree of freedom different from said two oegrees of freedom. 



68. A force feedback control as recited in claim 67 wherein said user 
manipulatable member is manipulated by said user to provide communication with 
said on-board computer system. 

69. A force feedback control asVecited in claim 67 wherein said input to said 
computer system controls a vehicular navigation system. 

70. A force feedback control as recked in claim 67 wherein said two degrees 
of freedom of said user manipulatable membeVglefine a plane. 



71. A force feedback control as\ req 
degree of freedom is orthogonal to said plane. 



in claim 67 wherein said trigger 
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72. A force feedback control as recited in claim 67 wherein said actuator is a 



motor. 



73. A force feedback control as recited in clairA 67 wherein said actuator is a 



passive brake. 



